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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a liquid discharging 
method typified by an ink jet recording method of dis- 
charging liquid droplets, a liquid discharging head typi- 
fied by an ink jet recording head, a liquid discharging 
head cartridge and an ink jet recording apparatus. 

Related Background Art 

[0002] An ink jet recording method of discharging 
minute ink droplets from a nozzle (discharge port) to 
thereby effect the recording of characters, figures, etc. 
has been attracting attention as a recording method in 
an apparatus for effecting recording, such as a printer, 
a copying apparatus, a facsimile apparatus or a plotter. 
The ink jet recording method has the excellent advan- 
tage that the outputting of highly minute images and 
high-speed printing are possible. Particularly, a method 
of producing bubbles in liquid by an electro-thermal con- 
verting member (hereinafter also referred to as the heat- 
er) and using this produced bubble pressure, i.e., the 
so-called bubble jet method, is characterized in that the 
downsizing of the apparatus and the higher density of 
image are easy to realize. 

[0003] Now, the liquid discharged from the nozzle by 
the bubble pressure is not limited to ink liquid, but it is 
possible to discharge other liquids. So, herein, a method 
of discharging not only ink, but generally liquids is called 
the liquid discharging method, and in the liquid discharg- 
ing method, a method of discharging ink liquid to a re- 
cording medium to thereby effect recording is called the 
ink jet recording method. 

[0004] In the field of ink jet recording, the requirement 
for the coloring of recording is high. As the construction 
of an ink jet recording apparatus which satisfies the re- 
quirement for the coloring, there is adopted, for exam- 
ple, one in which color recording is effected with Inkjet 
recording heads of various colors are arranged in par- 
allel along the scanning direction on a carriage, or one 
in which color ink jet recording heads comprising ink 
tanks containing therein yellow, magenta and cyan inks 
used for color recording and recording heads for dis- 
charging these inks, the ink tanks and the recording 
heads being arranged in parallel so as to make a unit, 
and a single ink jet recording head for black only are 
disposed on a carriage and color recording is effected. 
[0005] Fig. 20 of the accompanying drawings is a 
schematic cross-sectional view of the ink flow path por- 
tion of a recording head of the conventional bubble jet 
type using an electro-thermal converting memberto pro- 
duce bubbles to thereby discharge ink liquid droplets. A 
heater portion 91 is embedded in an ink flow path 92, 
one end of which communicates with a discharge port 



93, and the ink flow path 92 is filled with ink. Heat pro- 
duced by the heater portion 91 acts on the ink filling the 
ink flow path 92, whereby the ink on the heater portion 
91 causes a sudden state change (bubbling phenome- 

5 non) and some of the ink in the ink flow path 92 is dis- 
charged and flies from the discharge port 93 to a record- 
ing medium, whereby recording is effected. The bubble 
produced by the heat generation of the heater portion 
91 shrinks and disappears when the heating by the heat- 

10 er portion 91 ends, and the ink flow path 92 again be- 
comes filled with ink (the ink refill process). 
[0006] However, in the conventional recording head 
as shown in Fig. 20, the bubble produced may become 
larger than necessary and in such case, much time is 

15 required for the disappearance of the bubble. Also, at 
the same time as the energy during bubbling is trans- 
mitted from the heater portion 91 toward the discharge 
port 93 (in Q direction), the energy is greatly transmitted 
toward the upstream side (in P direction) which is the 

20 ink supply side and therefore, there is the problem to be 
solved that much time is required for refilling the ink flow 
path 92 with the ink. A pressure wave propagated to the 
upstream side with the production of the bubble is herein 
called a back wave. 

25 [0007] The recording head of such flow path construc- 
tion as shown in Fig. 20 could cope with the printing 
speed in the recording apparatus as is conventional, but 
in the recent recording apparatus wherein higher speed 
recording is desired, the ink refill time has been not 

30 enough for the printing speed and in some cases, non- 
discharge of the ink has occurred. 
[0008] Also, in an ordinary ink jet recording head, a 
common ink chamber for supplying ink to a plurality of 
ink flow paths is provided upstream of the flow paths, 

35 but when such a back wave is strongly transmitted to 
the upstream side of the ink, this back wave may be 
propagated to other ink flow path through the common 
liquid chamber and may adversely affect the discharge 
state of the ink in that flow path. 

40 [0009] The above-noted facts that much refill time is 
required and that there is the adverse effect of the back 
wave have been problems to be solved that generally 
apply to liquid discharging heads utilizing bubbles to dis- 
charge liquid droplets, 

45 [0010] Various propositions have heretofore been 
made in order to solve such problems. Description will 
hereinafter be made of propositions made to an ink jet 
recording head, and it is apparent thatthe following con- 
struction is generally applicable to liquid discharging 

50 heads. 

[0011] For example, as described in Japanese Laid- 
Open Patent Application No. 55-1 001 69, there is known 
a construction in which a fluid resistance portion is pro- 
vided upstream of a heater portion in an ink flow path 
55 for generating heat energy. The structure of such ink jet 
recording head is shown in Fig. 21 of the accompanying 
drawings. As shown in Fig. 21, ink 904 flows from an 
inlet opening 903 atone end of an ink flow path 902 into 
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the ink flow path 902 communicating with a discharge 
port 901 for discharging the ink. Near the discharge port 
901 at the other end of the ink flow path 902, a heater 
905 for generating heat energy utilized to form air bub- 
bles and discharge the ink is disposed on a wall surface, 
and a barrier 906 is protrudingly provided on the up- 
stream side (the inlet opening 903 side) of the heater 
905 on the wall surface on which this heater 905 is dis- 
posed. In such recording head, when an electrical signal 
is input to the heater 905, a bubble is produced in the 
ink 904 and by the action thereof, ink droplets 907 are 
discharged from the discharge port 901 toward a record- 
ing medium 908. At the same time, the acting force of 
the bubble acts also in the anti-discharging direction (the 
direction toward the inlet opening 903), but due to the 
barrier 906 provided in the anti-discharging direction, 
the fluid resistance in the anti-discharging direction be- 
comes greater than the fluid resistance in the discharg- 
ing direction, and the acting force of the bubble is effec- 
tively utilized for the discharging of the ink droplets 907. 
[0012] Also, as a method of preventing the loss of en- 
ergy toward the upstream side of such a heater, there 
is disclosed in Japanese Laid-Open Patent Application 
No. 59-199256 a method of providing, besides dis- 
charge energy generating means directly concerned in 
the discharge, second energy generating means which 
is not directly concerned in the discharge. By using the 
second energy generating means, the loss of the energy 
generated by the discharge energy generating means 
toward the upstream side is prevented. 
[0013] Also, in Japanese Laid-Open Patent Applica- 
tion No, 62-240558, there is disclosed a method of pro- 
viding heating means in a liquid chamber, in addition to 
the heater arrangement of Japanese Laid-Open Patent 
Application No. 59-199256. 

[0014] In Japanese Laid-Open Patent Application No. 
63-102945, there is disclosed structure in which dis- 
cretely from a discharge heater for controlling dis- 
charge, second energy generating means is provided 
so as to be orthogonal to a flow path so that the compo- 
nent in the direction of the flow path width of this second 
energy generating means may become greater than the 
flow path width. 

[0015] Further, Japanese Laid-Open Patent Applica- 
tion No. 63-197652 or Japanese Laid-Open Patent Ap- 
plication No. 63-1 99972 discloses that a valve mecha- 
nism is utilized as a fluid resistance element to prevent 
the loss of discharge energy. The flow path structure dis- 
closed in these publications is that shown in Figs. 22A 
and 22B of the accompanying drawings. In this record- 
ing head, an electro-thermal converting member 91 2 for 
forming bubbles is provided on a substrate 911 corre- 
spondingly to each ink flow path 913, and one end of 
each ink flow path 913 is a discharge port 915 and the 
other end thereof is connected in common to a common 
liquid chamber 916, A valve mechanism 914 having 
such an initial position that it sticks on the ceiling of the 
ink flow path 913, is provided upstream of a heat apply- 



ing area near the electro -thermal converting member 
912 (the projection space toward the su rf ace of the elec- 
tro-thermal converting member) with respect to the di- 
rection of flow of ink, and is structured to be opened by 

5 a back wave. This recording head is designed to operate 
the valve mechanism 91 4 so as to prevent the propaga- 
tion of the back wave toward the more upstream side, 
thereby preventing the loss of discharge energy. 
[0016] Also, there have been proposed a liquid trans- 
it porting method and apparatus in which the above-de- 
scribed electro-thermal converting member or an elec- 
tro-mechanical converting member (such as a piezo el- 
ement) is used as a liquid transporting mechanism and 
provision is made of a fluid resistance element for sup- 

15 pressing the movement of liquid in the direction opposite 
to the desired direction of movement of liquid such as 
the above-described back wave or the like. That is, any 
apparatus capable of driving liquid in one direction by 
some mechanism corresponds to the liquid transporting 

20 apparatus herein referred to. From the viewpoint of the 
liquid transporting apparatus, the ink jet recording head 
can be said to be one which transports liquid from an 
ink tank toward a discharge port, irrespective of whether 
a bubble is produced by the use of an electro-thermal 

25 converting member, and discharges ink from the dis- 
charge port at predetermined discharge pressure. For 
example, an ink jet recording head provided with the 
valve mechanism described in the above-mentioned 
Japanese Laid-Open Patent Application No. 63-197652 

30 or Japanese Laid-Open Patent Application No. 
63-199972 can also be regarded as one using an elec- 
tro-thermal converting member as a liquid transporting 
mechanism, and contriving to control the flow of ink in 
one direction by a valve mechanism. Likewise, it is also 

35 attempted to use a piezo element to realize the flow of 
liquid in one direction. 

[0017] However, in a case where a fluid resistance 
portion is provided as described in Japanese Laid-Open 
Patent Application No. 55-100169, as compared with a 

40 case where it is not provided, when liquid is discharged 
at a relatively low driving frequency, the influence of the 
back wave can be prevented to some extent by the ac- 
tion of the barrier (liquid resistance portion) provided in 
the liquid flow path, as previously described, but when 

45 the liquid is discharged at a frequency higher than that, 
the influence of the back wave from the upper portion of 
the barrier is unavoidable and refilling is impeded by this 
barrier and is delayed. Further, there arises the problem 
that the vibration of liquid in a nozzle cannot be control- 

50 led and repeated proper discharge cannot be effected. 
[0018] Also, the technique described in Japanese 
Laid-Open Patent Application No. 59-199256, Japa- 
nese Laid-Open Patent Application No. 62-240558 and 
Japanese Laid-Open Patent Application No. 63-102945 

55 provides, besides a heater for the discharge of liquid 
droplets, a heater for controlling a back wave, and con- 
trives to control the rearward propagation of the back 
wave by an bubble produced by the heater for control- 
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ling the back wave. In the case of such construction, 
when it is necessary to sufficiently secure the bubbling 
pressure of the heater bubbling for the discharge of ink 
liquid droplets, the bubbling pressure of the heater for 
controlling the back wave will be overcome by the bub- 
bling pressure for discharge unless the heater for con- 
trolling the back wave is made sufficiently large. If the 
heater for controlling the back wave is made large for 
the sufficient control of the back wave, the length of the 
entire liquid flow path will become great, and this gives 
rise to the problem that there is rather formed an area 
in which refill becomes slow. • 

[001 9] Also, when provision is made of a valve mech- 
anism adapted to be opened by a back wave as de- 
scribed in Japanese Laid-Open Patent Application No. 
63-197652 or Japanese Laid-Open Patent Application 
No. 63-1 99972, the bubblefor discharge naturally grows 
also on the upstream side of the liquid flow path, and in 
the process, the value mechanism disposed in the upper 
portion of the liquid flow path moves while correspond- 
ing to (being led by) the flow of the growing bubble. That 
is, most time of the growing process of the bubble pass- 
es until the valve mechanism 914 is opened to its posi- 
tion shown in Fig. 22B. Therefore, there is a case where 
it is impossible to suppress the back wave which is the 
original object and sufficiently prevent the loss of dis- 
charge energy. Particularly, when such construction is 
applied to a recording apparatus which discharges liquid 
at a high driving frequency, the frequency cannot be 
coped with. 

[0020] US-A-5278585 describes a method according 
to the preamble of claim 1 and an ink jet print head ac- 
cording to the preamble of claim 1 6, wherein a heat gen- 
erating element for generating a bubble in the ink to 
cause ink ejection is disposed within a recess and a 
movable valve is disposed upstream of and extending 
partly over the recess to substantially block rearward 
bubble forces and redirect the rearward bubble forces 
in the opposite direction to facilitate ink ejection. 
[0021] It is an object of the present invention to pro- 
vide a liquid discharging method and a liquid discharge 
head which can substantially suppress the movement 
of liquid toward the upstream side of a discharge energy 
generating element and can improve refill efficiency. 
[0022] In a first aspect, the present invention provides 
a method as set out in claim 1 . 

[0023] In a second aspect, the present invention pro- 
vides a liquid discharge head as set out in claim 16. 
[0024] A liquid discharging method and a liquid dis- 
charge head embodying the invention enable the refill 
characteristic of discharge liquid such as ink and dis- 
charge efficiency and discharging force to be improved 
and can, when applied to ink jet recording, accomplish 
printing of high speed and high quality. 
[0025] The present invention also provides a liquid 
discharge head cartridge having a liquid discharge head 
in accordance with the second aspect and a liquid con- 
tainer holding liquid to be supplied to the liquid discharge 



head. 

[0026] An aspect of the present invention provides an 
ink jet recording apparatus having a liquid discharge 
head in accordance with the second aspect and means 

5 for conveying a recording medium receiving ink dis- 
charged from the liquid discharge head. 
[0027] According to the liquid discharging method, 
etc. of the present invention, the movable member can 
be displaced with desired timing to suppress the flow of 

10 the liquid to the upstream side of the discharge energy 
generating element and also, with the returning move- 
ment of the movable member to its steady position by 
the disappearance of the bubble in the bubble producing 
area, liquid can be rapidly supplied from the upstream 

15 side. Also, displacement of the movable member pre- 
vents a back wave and yet the movable member is re- 
turned to its steady position during refill and, therefore, 
the diameter of the flow path during refill can be maxim- 
ised without being narrowed and thus, refill can be done 

20 very easily 

[0028] Also, when the discharge liquid in a first liquid 
flow path and the bubbling liquid in a second liquid flow 
path for driving the movable member are different, the 
bubbling conditions for the different liquids can be dif- 

25 ferent and therefore, the bubbling generation timing for 
the discharge energy generating element and the bub- 
ble producing area can be different. As the result, the 
timing at which the movable member is displaced can 
be set arbitrarily and, therefore, the discharge state of 

30 the liquid and the refill of the liquid can be set individually 
to a certain degree. As the result, even in the case of 
heads of the same flow path construction, optimum driv- 
ing conditions can be set depending on the difference 
in discharged liquids (inks) and therefore, in the case of 

35 particularly an ink jet recording head for polychromatic 
recording, higher speed and higher quality of image can 
be achieved. 

[0029] Further, the bubble disappearing position for 
the discharge energy generating element can be con- 

40 trolled and therefore, the lifetime of the heater until 
•breakage by cavitation can be extended and thus there 
can be provided a liquid discharging head of long life. 
[0030] The words "upstream" and "downstream" used 
herein are expressions with respect to the direction of 

45 flow of liquid travelling from a liquid supply source to the 
discharge port via the bubble producing area or the di- 
rection in this construction. Also, "the downstream side" 
with respect to a bubble itself represents the discharge 
port side portion of the bubble which is regarded as di- 

50 rectly acting on the discharge of liquid droplets. More 
specifically, it means the downstream side with respect 
to the direction of flow or the direction in the construction 
relative to the centre of the bubble, or a bubble produced 
in an area downstream of the center of the area of the 

55 heat generating member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Fig. 1 is a side cross-sectional view of the liquid 
flow path portion of an ink jet recording head in a first 
embodiment of the present invention. 
[0032] Fig, 2 is a cross-sectional view showing a 
cross-sectional construction along the line 2-2 of Fig. 1 
as it is seen from X direction. 

[0033] Fig. 3 is a cross-sectional view showing a 
cross-sectional construction along the line 3-3 of Fig. 1 
as it is seen from X direction. 

[0034] Fig. 4 is a cross-sectional view showing the 
cross-sectional construction along the line 3-3 of Fig. 1 
as it is seen from Y direction. 

[0035] Figs. 5A, 5B, 5C, 5D and 5E successively 
show the liquid droplet discharging process in the ink jet 
recording head of Fig. 1 . 

[0036] Figs. 6A, 6B, 6C, 6D and 6E show other exam- 
ples of drive timing. 

[0037] Fig. 7 is a side cross-sectional view of the liquid 
flow path portion of an ink jet recording head in a second 
embodiment of the present invention. 
[0038] Fig. 8 is a cross-sectional view showing a 
cross-sectional construction along the line 8-8 of Fig. 7 
as it is seen from X direction. 

[0039] Fig. 9 is a cross-sectional view showing a 
cross-sectional construction along the line 9-9 of Fig. 7 
as it is seen from X direction, 

[0040] Fig. 10 is a cross-sectional view showing the 
cross-sectional construction along the line 9-9 of Fig. 7 
as it is seen from Y direction. 

[0041] Figs. 11A,11B, 11 C, 11 D and 11 E successively 
show an example of the liquid droplet discharging proc- 
ess in the ink jet recording head of Fig. 7. 
[0042] Figs. 12A, 12B, 12C, 1 2D and 12E successive- 
ly show another example of the liquid droplet discharg- 
ing process in the ink jet recording head of Fig. 7. 
[0043] Fig. 1 3 is a side cross-sectional view of the liq- 
uid flow path portion of an ink jet recording head in a 
third embodiment of the present invention. 
[0044] Fig. 14 is a cross-sectional view showing a 
cross-sectional construction along the line 14-14 of Fig. 
13 as it is seen from X direction. 
[0045] Fig. 15 is a cross-sectional view showing a 
cross-sectional construction along the line 15-15 of Fig. 
13 as it is seen from X direction. 
[0046] Fig. 16 is a cross-sectional view showing the 
cross-sectional construction along the line 15-15 of Fig. 
13 as it is seen from Y direction. 

[0047] Fig. 17 is a schematic exploded perspective 
view of an example of the liquid discharging head of the 
present invention. 

[0048] Fig. 18 is a schematic exploded perspective 
view of an example of the liquid discharging head car- 
tridge of the present invention. 

[0049] Fig. 1 9 shows an example of the construction 
of an ink jet recording system. 

[0050] Fig. 20 is a side cross-sectional view showing 



an example of the liquid flow path structure of a liquid 
discharging head according to the prior art. 
[0051] Fig. 21 is a side cross-sectional view showing 
the liquid flow path structure of a liquid discharging head 
5 according to the prior art having a fluid resistance por- 
tion. 

[0052] Fig. 22A is a perspective view showing the 
construction of a liquid discharging head according to 
the prior art having a valve mechanism, and Fig. 22B is 
10 a side cross -sectional view showing the liquid flow path 
structure of this liquid discharging head according to the 
prior art, 

DESCRIPTION OF THE PREFERRED 
15 EMBODIMENTS 

[0053] Some embodiments of the present invention 
will hereinafter be described with reference to the draw- 
ings. In the following, description will be made with an 

20 ink jet recording method and an ink jet recording head 
taken as embodiments of the present invention, but by 
other liquid than ink being used as the liquid to be dis- 
charged, the present invention can be generally applied 
to a liquid discharging method and a liquid discharging 

25 head. 

(Embodiment 1) 

[0054] Fig. 1 is across-sectional view of the liquid flow 
30 path of an ink jet recording head in a first embodiment 
of the present invention, Fig. 2 is a cross-sectional view 
showing a cross-sectional construction along the line 
2-2 of Fig. 1 as it is seen from X direction, Fig. 3 is a 
cross-sectional view showing a cross-sectional con- 
35 struction along the line 3-3 of Fig. 1 as it is seen from X 
direction, and Fig. 4 is a cross-sectional view showing 
the cross-sectional construction alongthe line 3-3 of Fig. 
1 as it is seen from Y direction. 

[0055] A first liquid flow path (an ink liquid flow path 

40 or a discharged liquid flow path) 4 is formed in commu- 
nication with a discharge port 3 for discharging ink liquid 
droplets, and the other end of the first liquid flow path 4 
is connected to a first common liquid chamber (a com- 
mon liquid chamber for ink) 11 . The bottom surface of 

45 the first liquid flow path 4, except the region in which the 
discharge port 3, is formed is formed by a substrate 1 . 
An electro-thermal converting member (heater) 5 for 
generating heat energy for producing a bubble in the liq- 
uid (ink) in the first liquid flow path 4 is formed on the 

so surface of the sustrate as a discharge energy generating 
element corresponding to the first liquid flow path 4. The 
flow path portion on this heater is a bubble producing 
area. The sides and upper surface of the first liquid flow 
path 4 and the discharge port 3 are integrally formed by 

55 a grooved top plate 2 comprising a molded article of 
polysulphone or the like which was laser-worked. 
[0056] In the region upstream of the heater 5 on the 
bottom surface of the first liquid flow path 4 with respect 
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to the flow of the ink, a second liquid flow path for bub- 
bling liquid (a bubbling liquid flow path) 6 is disposed so 
as to be along the first liquid flow path 4. The space be- 
tween the first liquid flow path 4 and the second liquid 
flow path 6 is partitioned by a separating wall 8 formed 
of a resilient material such as a metal constituting a fluid 
element, thereby distinguishing between the ink in the 
first liquid flow path 4 and the bubbling liquid in the sec- 
ond liquid flow path 6. When the same liquid is used as 
the liquid in the first liquid flow path and the liquid in the 
second liquid flow path, the partition between the two 
flow paths need not be complete. The second liquid flow 
path 6 extends to the opposite side from the direction in 
which the discharge port 3 is provided, and is connected 
to a second common liquid chamber (a common liquid 
chamberforbubbling liquid) 12. Also, on the bottom sur- 
face of the second liquid flow path 6, there is formed a 
heat generating member 7 constituting a fluid element 
for heating the bubbling liquid to thereby cause this liq- 
uid to bubble. This heat generating member 7, like the 
above-mentioned heater 5, is constituted by an electro- 
thermal converting member for converting electrical en- 
ergy into heat energy. The second liquid flow path por- 
tion on this heat generating member is a bubble produc- 
ing area. Further, a U-shaped slit 1 0 is formed in the 
separating wall 8 in a portion located in the projection 
space upward to the surface of the heat generating 
member 7, and the separating wall 8 in that portion sur- 
rounded by the slit 10 is designed to constitute a mov- 
able member 9. Specifically, the movable member 9 is 
of a cantilevered beam shape having a free end on the 
discharge port 3 side (the downstream side with respect 
to the flow of ink) and having a fulcrum located on the 
common liquid chambers 11,12 side. By constructing 
so, as will be described later, the movable member 9 is 
operated by the bubbling of the bubbling liquid present 
on the heat generating member 7 so as to open and be 
displaced to the first liquid flow path 4 side (the direction 
of arrow in Fig. 1 ). In its steady state, the movable mem- 
ber 9 is in the same plane as the other portion of the 
separating wall 8 than the movable member 9. 
[0057] The second liquid flow path 6 Is formed with 
reduced portions 13 forwardly and rearwardly of the 
heat generating member 7, and is of such chamber 
(bubbling chamber) structure that the pressure during 
bubbling is suppressed from escaping along the second 
liquid flow path 6 to the common liquid chamber 1 2 side. 
In the conventional ink jet recording head, when the flow 
path for bubbling and the flow path for discharging the 
liquid are made common and a reduced portion is pro- 
vided so that the pressure produced on the liquid cham- 
ber side from the heat generating member may not es- 
cape to the common liquid chamber side, it has been 
necessary to adopt a construction in which the cross- 
sectional area of the flow path in the reduced portion is 
not very small with the refill of the liquid to be discharged 
sufficiently taken into account. However, In the case of 
the ink jet recording head according to the present em- 



bodiment, almost all of the liquid to be discharged from 
the discharge port 3 is the ink (discharged liquid) in the 
first liquid flow path 4 and the bubbling liquid in the sec- 
ond liquid flow path 6 wherein the heat generating mem- 

5 ber 7 is provided is not much consumed and therefore, 
the quantity of bubbling liquid filling the discharge pres- 
sure producing portion of the second liquid flow path 6 
may be small. Accordingly, the interval in the above- 
mentioned reduced portions 13 can be made as small 

10 as several \im to 10 and several pm, and the pressure 
during bubbling produced in the second liquid flow path 
6 can be concentratedly directed toward the movable 
member 9 side without much escaping to the surround- 
ings. This pressure is utilized as discharge pressure 

15 through the movable member 9 and therefore, higher 
discharging efficiency and discharging force can be 
achieved. However, the shape of the second liquid flow 
path 6 is not limited to the above-described one, but may 
be any shape which permits the pressure resulting from 

20 the production of a bubble to be effectively transmitted 
to the movable member 9 side. 

[0058] In the above-described construction, the heat- 
er 5 as the discharge energy generating element in the 
first liquid flow path 4 constitutes a first bubble producing 
25 area, and the heat generating member 7 in the second 
liquid flow path 6 constitutes a second bubble producing 
area. 

[0059] . Actually, an ink jet recording head is provided 
with a plurality of discharge ports, but in the present em- 

30 bodiment, a first liquid flow path 4, a heater 5, a second 
liquid flow path 6, a heat generating member 7 and a 
movable member 9 are provided for each discharge port 
3. A grooved top plate 2 formed with a plurality of dis- 
charge ports 3 and first liquid flow paths 4 communicat- 

35 ing with the respective discharge ports 3, a substrate 1 
provided with a number of heaters 5 and heat generating 
members 7 corresponding to the number of the dis- 
charge ports 3, and a separating wall 8 formed with a 
number of slits 10 (i.e., movable members 9) corre- 

40 sponding to the number of discharge ports 3 are pre- 
pared, and the grooved top plate 2 and the substrate 1 
are joined together in such a manner as to sandwich the 
separating wall 8 between the common liquid chambers 
1 1 and 1 2 to thereby complete an ink jet recording head. 

45 The separating wall 8 in the present embodiment is also 
formed with a partition wall for partitioning the adjacent 
second liquid flow path 6. The partition wall between the 
second liquid flow paths 6 and the separating wall 8 sep- 
arating the first liquid flow path 4 and the second liquid 

50 flow path 6 from each other may be individually formed 
and these may be joined together to thereby form the 
second liquid flow path 6. 

[0060] Description will now be made of a material for 
forming the separating wall 8, I.e., the movable member 
55 9, The material is not limited to nickel if it performs the 
function as the movable member. That is, the material 
forming the separating wall 8 may be any one which is 
resistant to the bubbling liquid and ink (discharged liq- 
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uid) and has elasticity for operating well as the movable 
member 9 and which permits a minute slit to be formed 
therein. As such materials, mention may preferably be 
made of metals of high durability such as silver, nickel, 
gold, iron, titanium, aluminum, platinum, tantalum, stain- 
less steel and phosphor bronze, and alloys thereof, or 
resin having nitrile group such as acrylonitrile, butadiene 
and styrene, resin having amide group such as polya- 
mide, resin having carboxyl such as polycarbonate, res- 
in having aldehyde group such as polyacetal, resin hav- 
ing sulphone group such as polysulphone, resin such 
as liquid crystal polymer and compounds thereof, met- 
als of high ink-resisting property such as gold, tungsten, 
tantalum, nickel, stainless steel and titanium, and alloys 
thereof, and regarding the ink-resisting property, resin 
coated with one of these metals or resin having amide 
group such as polyamide, resin having aldehyde group 
such as polyacetal, resin having ketone group such as 
polyether-ether-ketone, resin having imide group such 
as polyimide, resin having hydroxyl group such as phe- 
nol resin, resin having ethyl group such as polyethylene, 
resin having alkyl group such as polypropylene, resin 
having epoxy group such as epoxy resin, resin having 
amino group such as melamine resin, resin having 
methylol group such as xylene resin and compounds 
thereof, and ceramics such as silicon dioxide and com- 
pounds thereof. Also, the thickness of the separating 
wall 8 and the shape of the movable member 9 are not 
restricted to the present embodiment if they are dis- 
placeable enough to perform their functions by the com- 
bination thereof with the size of the heat generating 
member 7, but yet the thickness may desirably be about 
0.5 [im - 10 jxm. 

[0061] In the present embodiment, the width of theslit 
1 0 for forming the movable member 9 is 2 jam, but when 
the bubbling liquid and the discharged liquid are differ- 
ent liquids and it is desired to prevent the mixing of the 
two liquids, the width of the slit can be such a degree of 
interval that forms stable meniscus between the two liq- 
uids, and the communication between the two liquids 
can be suppressed. 

[0062] In the present embodiment, as the heater 5 
and the heat generating member 7, use is made of ones 
having as a heat generating portion a heat generating 
resistance member of hafnium boride, tantalum nitride 
or the like generating heat in response to an electrical 
signal, whereas this is not restrictive, but they may be 
any one which will produce sufficient bubb les in the bub- 
bling liquid and ink. For example, as the heater 5 or the 
heat generating member 7, use may be made of one 
having as the heat generating portion an opto-thermal 
converting member which will generate heat by receiv- 
ing the light of a laser or the like. The heater 5 or the 
heat generating member 7 may include not only the heat 
generating portion but also protective film for protecting 
the heat generating portion from liquid. Also, the dis- 
charge energy generating element 5 can be any one 
which can apply sufficient energy for the liquid to be dis- 



charged, and need not always be a heater, but may be, 
for example, a piezoelectric element or the like. 
[0063] The grooved top plate 2 is formed with a dis- 
charge port 3 by laser-working a molded article of 
5 polysulphone. However, the material of the grooved top 
plate may be a material which can be laser-worked, and 
is not limited to polysulphone. Also, depending on the 
ink used, polysulphone may be subjected to plating or 
the like. 

10 [0064] As the liquid to be supplied to the second liquid 
flow path 6 (i.e., the bubbling liquid), use can be made 
of one of various liquids which are not deteriorated by 
heat and are difficult for deposits to be created on the 
heat generating member by heating and can effect a re- 

15 versible state change of gasification and cordasation by 
heat. As typical liquid, mention may be made of a mix- 
ture of ethanol and water, and further, methanol, etha- 
nol, n-propanol, isopropanol, n-hexane, n-heptane, n- 
octane, toluene, xylene, methylene dichloride, trichlene, 

20 Freon TF, Freon BF, ethyether, dioxane, cyclohexane, 
methyl acetate, ethyl acetate, acetone, methylethylke- 
tone, water, etc. and mixtured thereof. 
[0065] Also, as a recording medium to which liquid 
such as ink is to be imparted, mention may be made of 

25 various kinds of paper, OHP sheet, a plastic material 
used for a compact disc, a decoration plate or the like, 
a metallic material such as aluminum or copper, a leath- 
er material such as oxhide, cowhide pigskin or artificial 
leather, wood such as a tree or plywood, a bamboo ma- 

30 terial, a ceramic material such as tile, a three-dimen- 
sional structure such as sponge, etc. 
[0066] The operation of this Inkjet recording head will 
now be described with reference to Figs. 5A to 5E. 
Figs. 5A to 5E are views for illustrating the operation in 

35 succession. It is to be understood here that ink of the 
same water origin is used as the liquid supplied to the 
first liquid flow path 4 and the liquid supplied to the sec- 
ond liquid flow path 6. 

[0067] Fig. 5A shows a state in which both of the heat- 

40 er 5 and the heat generating member 7 are no n-conduc- 
tive, and at this time, there is not the displacement of 
the movable member 9 formed on the separating wall 8 
and there is neither the bubbling by the heater 5. The 
liquid fiow paths 4 and 6 are both filled with ink of the 

45 water origin. When in this state, a drive signal is given 
to the heater 5 and the heat generating member 7, the 
heater 5 and the heat generating member 7 generate 
heat, and as shown in Fig. 5B, the heat generated by 
the heater 5 acts, whereby a bubble by a film boiling 

50 phenomenon is produced in the ink in the first liquid flow 
path 4, and likewise, the heat generated by the heat gen- 
erating member 7 acts, whereby a bubble by a film boil- 
ing phenomenon is produced in the ink in the second 
liquid flow path 6. The pressure based on the production 

55 of the bubble in the second liquid flow path 6 and this 
bubble preferentially act on the movable member 9 to 
thereby displace the movable member 9 toward the first 
liquid flow path 4 side. The aforementioned pressure 
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and bubble go into the first liquid flow path 4 from a gap 
formed on the free end side toward the discharge port 
3 and thus, the bubbling pressure of this bubble acts on 
the liquid in the first liquid flow path 4 toward the dis- 
charge port 3 side. On the other hand, the bubble formed 5 
on the heaters also grows and coupled with the pres- 
sure of the bubble from the second liquid flow path 6 
side, the liquid protrudes from the discharge port 3. 
[0068] Further, afterthe production of the bubbles, the 
respective bubbles grow and particularly, the displace- 
ment of the movable member 9 reaches a maximum 
amount and the bubble attributable to the heat generat- 
ing member 7 comes to the first liquid flow path 4 at the 
position whereat the movable member 9 is present. As 
a result, the back wave of the bubbling attributable to 
the heater 5 is prevented from being propagated to the 
common liquid chamber 1 1 side, and rather receives the 
bubbling force from the bubble by the heat generating 
member 7 and as a whole, the bubbling force for dis- 
charge is strengthened and an ink droplet greatly pro- 
trudes from the discharge port 3, whereafter it is torn off 
in the process of disappearance of the bubble on the 
heater 5 and flies toward the recording medium. 
[0069] Each bubble enters its process of disappear- 
ance. At this time, the movable member 9 receives the 
negative pressure by the disappearance of the bubble 
in the second liquid flow path 6, in addition to its own 
resilient force, and rapidly returns to its steady state, and 
with the movement when the movable member 9 returns 
to its steady state, the ink rapidly flows from the common 
liquid chamber 11 into the first liquid flow path 4 by the 
negative pressure of the disappearance of the bubble 
on the heater 5. With the disappearance of the bubble 
on the heater5, the meniscus surface of the ink retreats 
from the discharge port 3 side toward the upstream side, 
but in the case of the present embodiment, the influence 
of the movement when the movable member 9 returns 
to its steady state is great and therefore, the refill of the 
first liquid flow path 4 with the ink is rapidly achieved and 
as shown in Fig. 5E, the ink forms a meniscus at the 
position of the discharge port 3 and the movable mem- 
ber returns to its steady state. 

[0070] As described above, in the present embodi- 
ment, the second liquid flow path 6 in which the heat 
generating member 7 is provided adjacent to the first 
liquid flow path 4 and the movable member 9 is provided 
between the two liquid flow paths 4 and 6, whereby as 
compared with the liquid discharging head of the con- 
ventional construction, it becomes possible to discharge 
droplets of ink or the like at high discharge efficiency 
and high discharge pressure. It is considered to owe the 
following phenomena and the interaction between these 
phenomena that such high discharge energy and high 
discharge pressure can be realized. 
[0071] First, of the discharge pressure produced in 
the second liquid flow path 6 by the aforementioned dis- 
placement of the movable member 9, almost all of the 
discharge pressure propagated to the movable member 



9 side is liberated toward the discharge port 3 of the first 
liquid flow path 4. That is, the direction of propagation 
of the discharge pressure produced in the second liquid 
flow path 6 is changed toward the discharge port 3 by 
the movable member 9. Simultaneously therewith, in the 
first liquid flow path 4, the bubble grows on the heater 
5, and thus, on the discharge port 3 side, the bubbling 
pressure of the two bubbles is summed and discharge 
pressure is produced. At this time, the back wave by the 
bubble on the heater 5 is reflected by the bubble by the 
movable member 9 and the heat generating member 7 
and rather goes toward the discharge port 3 and thus, 
the discharge pressure is further heightened. 
[0072] Next, each bubble contracts and the movable 
member 9 returns to the position in its steady state and 
also, in the first liquid flow path 4, a quantity of liquid 
corresponding to the quantity of discharged liquid is sup- 
plied from the upstream side. This supply of the dis- 
charged liquid is in the direction in which the movable 
member 9 is closed and therefore, the refill of the dis- 
charged liquid is not hampered by the movable member 
9. Thus in the construction of the present embodiment, 
the liquid on the upstream side of the first liquid flow path 
4 is hardly affected by the back wave and therefore, the 
one-direction property of the flow of the liquid from the 
upstream side to the downstream side is strong and refill 
is done well. Also, the bubbling liquid in the second liquid 
flow path 6 is little used as described above and there- 
fore, the refill ends with a slight quantity. 
[0073] As shown in Figs. 5Ato5E, a part of the bubble 
produced in the bubble producing area (the heat gener- 
ating member 7) of the second liquid flow path 6 with 
the displacement of the movable member 9 toward the 
first liquid flow path 4 extends toward the first liquid flow 
path 4 side, and by adopting such height of the second 
liquid flow path 6 that the bubble extends like this, it is 
possible to further improve the discharging force as 
compared with a case where the bubble does not ex- 
tend. In order that the bubble may extend toward the 
first liquid flow path 4 like this, it is desirable to make the 
height of the second liquid flow path smaller than the 
height of the largest bubble, and this height may desir- 
ably be several jxm to 30 jim. In the present embodi- 
ment, this height is 15 \xm. 

(Embodiment 2) 

[0074] The previous embodiment has been described 
with respect to a case where the drive timing (bubbling 
timing) of the discharge energy generating element and 
the drive timing (bubbling timing) of thefluid element are 
substantially the same, but in the present embodiment, 
there is shown an example of the case where these tim- 
ings are made different from each other. 
[0075] Figs. 6A to 6E show an example of the drive 
timing in the present embodiment, and illustrate the op- 
eration of the ink jet when the drive timing of the fluid 
element is earlier than the drive timing of the discharge 
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energy generating element. 

[0076] As in the previous embodiment, Fig. 6A shows 
the state (the non-driven state) before both of the dis- 
charge energy generating element and the fluid element 
are driven. 

[0077] First, the heat generating member 7 constitut- 
ing the fluid element is electrically energized and gen- 
erates heat. By this generated heat, a bubble is pro- 
duced in the ink and along therewith, the movable mem- 
ber 9 constituting the fluid element is displaced toward 
the flow path 4. Next, the heat generating member 5 
which is a discharge energy generating element is elec- 
trically energized and a bubble is produced 6B. By the 
pressure based on the production of the bubble, the ink 
is discharged from the discharge port 6C. At this time, 
the movable member is already in its displaced state 
and therefore, the movement of the ink toward the up- 
stream side can be prevented more reliably and also, 
the movement of the ink toward the discharge port side 
has taken place in advance by the fluid element and 
therefore, the discharging force and the discharging 
speed can be further improved. 

[0078] The bubble by the heat generating member 7 
disappears, whereby the movable member is returned 
to its initial state. Also, as the bubble produced by the 
heat generating member 5 disappears, the ink is sup- 
plied (refilled) from the upstream liquid chamber 11 , but 
since the direction of this refill and the direction in which 
the movable member is returned to its initial state are 
the same direction, the movable member does not ham- 
per the refill. 

[0079] In the present embodiment, the bubbling tim- 
ing of the fluid element is earlier than the bubbling timing 
of the discharge energy generating element, but driving 
at the converse timing may be done in conformity with 
the purpose. As described above, by the bubbling timing 
of the discharge energy generating element and the 
bubbling timing of the fluid element being suitably ad- 
justed, the discharge characteristic, the suppression 
characteristic of the movement of the ink toward the up- 
stream side, the refill characteristic, etc. can be adjust- 
ed. Therefore, when the head of the present invention 
is mounted on apparatuses differing in the driving fre- 
quency, a refill characteristic, etc. matching the driving 
frequency of each apparatus can be obtained by adjust- 
ing the two drive timings. 

(Embodiment 3) 

[0080] Fig. 7 is a cross-sectional view of the liquid flow 
path of an ink jet recording head in a third embodiment 
of the present invention, Fig. 8 is a cross-sectional view 
showing a cross-sectional construction along the line 
8-8 of Fig. 7 as it is seen from X direction, Fig. 9 is a 
cross-sectional view showing a cross-sectional con- 
struction along the line 9-9 of Fig. 7 as it is seen from X 
direction, and Fig. 1 0 is a cross-sectional view showing 
the cross-sectional construction along the line 9-9 of Fig. 



7 as it is seen from Y direction. 

[0081] The difference of this ink jet recording head 
from the ink jet recording head of the first embodiment 
is that the heater in the first liquid flow path is divided 
5 into two in the direction of flow of the ink. As compared 
with the area of the downstream heater 5-1 , the area of 
the upstream heater 5-2 is large, and design is made 
such that according to the upstream hearer 5-2, a larger 
bubble can be produced, 
10 [0082] Figs. 11 A to 11 E successively show the proc- 
ess of driving the downstream heater 5-1 in the first liq- 
uid flow path 4 and the heat generating member 7 in the 
. second liquid flow path 6 to thereby discharge ink drop- 
lets from the discharge port 3, and Figs. 12Ato 12Esuc- 
15 cessively show the process of driving the both heaters 
5-1 and 5-2 in the first liquid flow path 4 and the heat 
generating member 7 in the second liquid flow path 6 to 
thereby discharge ink droplets from the discharge port 3 . 
[0083] When only the downstream heater 5-1 in the 
20 first liquid flow path 4 is driven, only a relatively small 
bubble is produced in the first liquid flow path 4 and 
therefore, the quantity of ink discharged from the dis- 
charge port 3 becomes small. In contrast, when the both 
heaters 5-1 and 5-2 in the first liquid flow path 4 are driv- 
es en, both bubbles produced by these heaters 5-1 and 5-2 
are concerned in the discharge of the ink and a greater 
quantity of discharged ink is obtained. Although not 
shown here, when only the upstream heater 5-2 in the 
first liquid flow path 4 is driven, there is obtained a quan- 
go tity of discharged ink greater than when only the down- 
stream heater 5- i is driven and smaller than when the 
both heaters 5-1 and 5-2 are driven. After ail, three stag- 
es of modulation of the quantity of discharged ink can 
be effected by selecting one of the heaters 5-1 and 5-2 
35 which is to be driven, and it becomes possible to effect 
multivaiue recording by the use of the same nozzle. 
[0084] Likewise, if n heaters of different sizes are pro- 
vided in the first liquid flow path 4, multivaiue recording 
in 2"-1 stages of quantity of discharged ink will become 
40 possible. 

(Embodiment 4) 

[0085] Fig. 13 is a cross-sectional view of the liquid 
45 flow path of an Inkjet recording head in a fourth embod- 
iment of the present invention, Fig. 14 is a cross-sec- 
tional viewshowing a cross-sectional construction along 
the line 14-14 of Fig. 13 as it is seen from X direction, 
Fig. 15 is a cross-sectional view showing a cross-sec- 
50 tional construction along the line 15-15 of Fig. 13 as it 
is seen from X direction, and Fig. 1 6 is a cross-sectional 
view showing the cross-sectional construction along the 
line 15-15 of Fig. 13 as it is seen from Y direction. 
[0086] In the above-described third embodiment, the 
55 two heaters 5-1 and 5-2 are disposed in series along the 
direction of flow of the ink in the first liquid flow path 4, 
while in this fourth embodiment, the two heaters 5-1 and 
5-2 are disposed in parallel. Again in this fourth embod- 
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iment, the areas of the heaters 5-1 and 5-2 differ from 
each other, whereby three stages of modulation of the 
quantity of discharged ink can be effected and multival- 
ue recording becomes possible by the use of the same 
nozzle. 

«Liquid Discharging Head» 

[0087] Description will hereinafter be made of a liquid 
discharging head having the above-described flow path 
structure and provided with a plurality of discharge 
ports. 

[0088] Fig. 17 is a schematic exploded perspective 
view for illustrating the main construction of an example 
of the liquid discharging head based on the present in- 
vention. A substrate 1 is disposed on a support member 
140 formed of a metal such as aluminum. On the sub- 
strate 1 , there are provided a plurality of heat generating 
members 7 adapted to generate heat for causing the 
liquid in the second liquid flow path to produce a bubble 
by film boiling, and heaters 5 adapted to generate heat 
for causing the liquid in the first liquid flow path to pro- 
duce a bubble by film boiling. These heaters 5 and heat 
generating members 7 are constructed as electro-ther- 
mal converting members, and on the substrate 1, be- 
sides the heaters 5 and the heat generating members 
7 and wiring electrodes for supplying electrical signals 
to the heaters 5 and the heat generating members 7, 
there are integrally made functional elements such as 
transistors, diodes, latches and shift registers for selec- 
tively driving the heaters 5 and the heat generating 
members 7. Also, protective layers for protecting the 
electro-thermal converting members are provided on 
the heaters 5 and the heat generating members 7. 
[0089] On the substrate 1 , there are positioned and 
fixed a grooved member having a plurality of grooves 
52 (only one bubbling Jiquid flow path being shown) con- 
stituting the second liquid flow paths (bubbling liquid 
flow paths), and a recess constituting a second common 
liquid chamber (common bubbling liquid chamber) 12 
communicating with the plurality of second liquid flow 
paths for supplying liquid to the respective liquid flow 
paths, and the separating wall 8 provided with the afore- 
described movable member 9. In Fig. 1 7, there is shown 
the separating wall 8 in which the partition walls between 
the second liquid flow paths are made integral with each 
other. 

[0090] The grooved top plate 2 has grooves 114 
joined to the separating wall 8 to thereby constitute first 
liquid flow path (discharged liquid flow paths), a recess 
for constituting a first common liquid chamber 11 com- 
municating with the plurality of first liquid flow paths for 
supplying discharged liquid to the respective first liquid 
flow paths, a first supply port (discharged liquid supply 
port) 111 for supplying the discharged liquid to the first 
common liquid chamber 11, and a second supply port 
(bubbling liquid supply port) 112 for supplying the bub- 
bling liquid to the second common liquid chamber 12. 



The second supply port 1 12 is disposed outside the first 
common liquid chamber 11 and is connected to a com- 
munication path extending through the separating wall 
8 and communicating with the second common liquid 

5 chamber 12, and can supply the bubbling liquid to the 
second common liquid chamber 12 by this communica- 
tion path without mixing it with the discharged liquid. 
[0091] The arrangement relationship among the sub- 
strate 1 , the separating wall 8 and the grooved top plate 

10 2 is such that the movable member 9 is disposed corre- 
spondingly to the heat generating members 7 on the 
substrate 1 . 

«Liquid Discharging Head Cartridge» 

15 

[0092] Brief description will now be made of a liquid 
discharging head cartridge carrying thereon the liquid 
discharging head according to the above-described em- 
bodiment. Fig. 18 is a schematic exploded perspective 
20 view of the liquid discharging head cartridge including 
the aforedescribed liquid discharging head, and this liq- 
uid discharging head cartridge is comprised chiefly of a 
liquid discharging head portion 1 00 and a liquid contain- 
er 520. 

25 [0093] The liquid discharging head portion 100 com- 
prises a substrate 1 , a separating wall 8, a grooved top 
plate 2, a keep spring 120, a liquid supplying member 
130, a support member 140, etc. 

[0094] On the substrate 1 , as previously described, a 
30 plurality of heaters 5 and a plurality of heat generating 
members 7 are provided in rows, and a plurality of func- 
tional elements for selectively driving these heaters 5 
and heat generating members 7. A second liquid flow 
path is formed between the substrate 1 and the sepa- 
35 rating wall 8 having the movable member 9 and the bub- 
bling liquid flows therethrough. By the separating wall 8 
and the grooved top plate 2 being joined together, there 
is formed a first liquid flow path through which the dis- 
charged liquid flows. 
40 [0095] The keep spring 120 is a member for causing 
its biasing force toward the substrate 1 to act on the 
grooved top plate 2, and by this biasing force, the sub- 
strate 1 , the separating wall 8, the grooved top plate 2 
and the support member 140 which will be described 
45 later are well made integral with one another. 

[0096] The support member 1 40 is for supporting the 
substrate 1 , etc., and on this support member 1 40, there 
are further disposed a circuit substrate 141 connected 
to the substrate 1 for supplying an electrical signal there- 
to to, and a compact pad 1 42 connected to the apparatus 
side to thereby effect the exchange of electrical signals 
with the apparatus side. 

[0097] The liquid container 520 contains therein dis- 
charged liquid such as ink supplied to the liquid dis- 
55 charging head and bubbling liquid for producing air bub- 
bles. Outside the liquid container 520, there is provided 
a fixing shaft 525 to which is fixed a positioning portion 
524 for making the connection between the liquid dis- 
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charging head and the liquid container 520. The dis- 
charged liquid is supplied from the discharged liquid 
supply path 522 of the liquid container 520 to the dis- 
charged liquid supply path 131 of the liquid supplying 
member 130, and is supplied to the first common liquid 
chamber 11 through the discharged liquid supply ports 
133, 121 and 111 of the respective members. The bub- 
bling liquid is likewise supplied from the supply path 523 
of the liquid container 520 to the bubbling liquid supply 
path 1 32 of the liquid supplying member 1 30, and is sup- 
plied to the second common liquid chamber 12 through 
the bubbling liquid supply ports 134, 121 and 112 of the 
respective members. 

[0098] I n the above-described liquid discharging head 
cartridge, description has been made with respect to the 
form of supply and the liquid container in which supply 
can be effected even when the bubbling liquid supplied 
to the second liquid flow path and the discharged liquid 
(such as ink) supplied to the first liquid flow path are dif- 
ferent liquids, but when the discharged liquid and the 
bubbling liquid are the same, the supply route and con- 
tainerforthe bubbling liquid and discharged liquid need 
not be divided. 

[0099] This liquid container may be used by being re- 
filled with the liquid after the consumption of each liquid. 
For this purpose, it is desirable to form a liquid inlet port 
in the liquid container. Also, the liquid discharging head 
portion and the liquid container may be integral with 
each other or separable from each other. 

«lnk Jet Recording System» 

[0100] Description will now be made of an example of 
an Inkjet recording system using the liquid discharging 
head of the present invention as a recording head, and 
effecting recording on a recording medium. 
[0101] Fig. 19 is a model view for illustrating the con- 
struction of an ink jet recording system using the afore- 
described liquid discharging head 201 based' on the 
present invention. The liquid discharging head in the 
present embodiment is a full line type head having a plu- 
rality of discharge ports disposed at intervals of 360 dpi 
in the lengthwise direction corresponding to the record- 
ing width of a recording medium 227, and comprises 
four heads corresponding to four colors, i.e., yellow (Y), 
magenta (M), cyan (C) and black (Bk), and fixedly sup- 
ported in parallelism to one another with predetermined 
intervals in X direction by a holder 202. 
[01 02] A signal is supplied from head drivers 220 con- 
stituting drive signal supplying means to these heads, 
and each head is driven on the basis of this signal. 
[0103] The respective heads are supplied with inks of 
four colors Y, M, C and Bk as discharged liquid from ink 
containers 204a-204d. A bubbling liquid container 204e 
is provided and the bubbling liquid is stored therein and 
design is made such that the bubbling liquid is supplied 
from this bubbling liquid container 204e to each head. 
[0104] Head caps 203a-203d having ink absorbing 



members such as sponge disposed therein are provided 
below the respective heads, and during non-recording, 
the discharge ports of the respective heads can be cov- 
ered with these head caps to thereby accomplish the 
5 maintenance of the heads. 

[0105] A conveying belt 206 constitutes conveying 
means for conveying various kinds of recording medi- 
ums. The conveying belt 206 is drawn around a prede- 
termined route by various kinds of rollers, and is driven 
to by a driving roller connected to a motor driver 305. 
[0106] In the ink jet recording system of the present 
embodiment, a pre-treating apparatus 251 and a post- 
treating apparatus 252 for effecting various kinds of 
treatment on the recording medium before and after re- 
's cording is effected are provided upstream and down- 
stream, respectively, of a recording medium conveying 
route. 

[0107] The pre-treatment and the post-treatment dif- 
fer in their substances in conformity with the kind of the 

20 recording medium on which recording is effected and 
the kind of the ink, and for example, to a recording me- 
dium of a metal, plastic, ceramics or the like, the appli- 
cation of ultraviolet rays and ozone is effected as the 
pre-treatment, and the surface of the recording medium 

25 is activated, whereby the attaching property of the ink 
can be improved. Also, in the case of a recording medi- 
um of plastic or the like which is liable to generate static 
electricity, dust is liable to attach to the surface thereof 
due to the static electricity and good recording may 

30 sometimes be hampered by the dust. Therefore, as the 
pre-treatment, the static electricity of the recording me- 
dium may preferably be removed by the use of an ionizer 
to thereby remove the dust from the recording medium. 
Also, when a fabric is used as the recording medium, 

35 the treatment of imparting a substance selected from 
among alkaline substances, water-soluble substances, 
synthetic high molecules, water-soluble metal salt, urea 
and thiourea to the fabric from the viewpoints of the pre- 
vention of oozing, the improved degree of exhaustion, 

40 etc. may preferably be done as the pre-treatment. The 
pre-treatment is not limited thereto, but may be the treat- 
ment of making the temperature of the recording medi- 
um appropriate for recording. 

[01 08] On the other hand, the post-treatment includes 
45 the heat treatment effected on the recording medium to 
which the ink has been imparted, the fixating treatment 
of expediting the fixation of the ink by the application of 
ultraviolet rays, the treatment of washing any treating 
agent imparted in the pre-treatment and left by non-re- 
50 action, etc. 

[01 09] In the present embodiment, the head has been 
described with respect to a full line head, whereas this 
is not restrictive, but the head may be in the form of a 
compact head as previously described which is con- 
55 veyed in the widthwise direction of the recording medi- 
um to thereby effect recording. • 

[0110] In the liquid discharging method, etc. of the 
present invention, a fluid element comprised of a mov- 
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driving said discharge energy generating ele- 
ment (5) to discharge liquid from said discharge 
port (3); and 

5 characterised by: 

producing a bubble in a bubble producing area 
(7) of a fluid element disposed in said fluid path 
upstream of said discharge energy generating 
10 element (5) to displace a free end of a movable 

member (9) facing the bubble producing area 
(7) and having a fulcrum. 



able member and a bubble producing area is provided 
upstream of a discharge energy generating element for 
discharging the liquid, and there is the effect that a bub- 
ble is produced in the bubble producing area in timed 
relationship with the driving of the liquid by the discharge 
energy generating element and with the bubble, the free 
end side of the movable member is displaced into the 
liquid flow path to thereby suppress the flow in the up- 
stream direction typified by a back wave and further, by 
the flow of the liquid accompanying the movement of the 
movable member when It is returned to its steady posi- 
tion with the disappearance of the bubble in the bubble 
producing area, the rapid refilling of the liquid from the 
upstream side to the discharge energy generating ele- 
ment can be achieved. 

[0111] In the liquid discharging method of the present 
invention, a first bubble producing area and a second 
bubble producing area are provided and a movable 
member opened to the discharge port side by the pres- 
sure resulting from bubbling in the second bubble pro- 
ducing area is provided, whereby there is provided the 
effect that the bubbling pressure in the second bubble 
producing area is directed to the discharge port side and 
the discharge energy and protrusion pressure by the 
bubbling in the first bubble producing area for liquid dis- 
charge are heightened and the discharge efficiency is 
improved. In this construction, there is also the effect 
that the influence of the back wave resulting from the 
bubbling in the first bubble producing area can be pre- 
vented and coupled with the flow of the liquid when the 
movable member is returned to its initial position, rapid 
and stable refilling of the discharged liquid can be real- 
ized. 

[0112] Also, a first liquid flow path having the first bub- 
ble producing area and for effecting the discharge of the 
liquid and a second liquid flow path having. the second 
bubb le producing area are made discrete from each oth- 
er and the shape of the second liquid flow path is made 
into the shape of a chamber having a supply path, 
whereby the bubbling efficiency and the above-de- 
scribed effects can be further enhanced. 
[01 1 3] Further, there is the effect that a plurality of dis- 
charge energy generating elements are used in the first 
bubble producing area, whereby the quantity of dis- 
charged liquid droplet can be controlled in a plurality of 
stages and harmonious recording or the like becomes 
possible. 



Claims 

1. A method for discharging liquid from a discharge 
port (3) by the use of a liquid discharge head having 
a flow path (4) communicating with said discharge 
port (3) and a discharge energy generating element 
(5) provided in said flow path (4) for causing liquid 
discharge energy to act on said liquid, the method 
having the steps of: 



2. A method according to claim 1, wherein heat is 
15 caused to act on the liquid in said bubble producing 

area (7) to causefilm boiling to produce said bubble. 

3. A method according to claim 1 or 2, wherein the dis- 
placement of the movable member (9) suppresses 

20 upstream flow of liquid in response to driving of said 
discharge energy generating element (5). 

4. A method according to claim 1 , 2 or 3, wherein said 
discharge energy generating element (5) is a heat 

25 generating element for producing a bubble using 
heat. 

5. A method according to claim 4, wherein a plurality 
of heat generating elements (5-1 ,5-2) constituting 

30 said discharge energy generating element are pro- 
vided, and said plurality of heat generating ele- 
ments are selectively driven to thereby control the 
quantity of liquid discharged from said discharge 
port. 

35 

6. A method according to claim 5, wherein said plural- 
ity of heat generating elements (5-1 ,5-2) are driven 
simultaneously. 

40 7. a method according to claim 5, wherein said plural- 
ity of heat generating elements (5-1 ,5-2) are driven 
at different times. 

8. A method according to any one of claims 4 to 7, 
45 wherein the bubble produced by the driving of said 

heat generating element is bubble produced by a 
film boiling phenomenon. 

9. A method according to any one of the preceding 
50 claims, wherein said discharge energy generating 

element (5) is provided in a first flow path (4) com- 
municating with said discharge port (3), and said flu- 
id element is provided in a second flow path (6) 
communicating with said first flow path (4). 

55 

10. A method according to claim 9, wherein the bubble 
produced in the bubble producing area (7) of said 
fluid element extends to said first flow path (4). 
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11. A method according to claim 9 or 10, wherein dif- 
ferent liquids are supplied to said first flow path (4) 
and said second flow path (6). 

12. A method according to claim 11, wherein the liquid 
supplied to said second flow path (6) satisfies at 
least one of the following three conditions: it is lower 
in viscosity; greater in bubbling property; or higher 
in thermal stability than the liquid supplied to said 
first flow path (4). 

13. A method according to any one of claims 9 to 12, 
wherein in a steady state said movable member (9) 
maintains a posture substantially parallel to the di- 
rection of flow in said first flow path (4), and said 
free end of said movable member (9) is displaced 
in a direction to narrow the cross-sectional area of 
said first flow path (4) by the pressure created by a 
bubble produced in said bubble producing area (7). 

14. A method according to any one of the preceding 
claims, wherein said bubble producing area (7) us- 
es heat to generate a bubble. 

15. A method according to claim i, wherein said dis- 
charge energy generating area and said bubble 
producing area form, respectively, a first heat gen- 
erating area (5) for applying thermal energy for dis- 
charging liquid and a second heat generating area 
(7), and said free end is at the discharge port (3) 
side of the movable member, which method com- 
prises: 

displacing said movable member (9) by gener- 
ation of a bubble at said second heat generat- 
ing area (7) so as to reduce a liquid communi- 
cation area between said discharge port side 
and a liquid supply side that is upstream of said 
discharge port (3) side; 

moving liquid to said discharge port side by 
generation of a bubble at said first heat gener- 
ating area (5) while the bubble is generated in 
said second heat generating area (7); and 
moving said movable member (31) so as to in- 
crease the liquid communication area between 
said discharge port side and the liquid supply 
side upstream of said discharge port side while 
the bubble is present at said first head gener- 
ating area (5) after the bubble is generated at 
said second heat generating area (7). 

16. A liquid discharge head having: 

a flow path (4) commu nicating with a discharge 
port (3): 

a discharge energy generating element (5) 
provided in said flow path for generating 



energy to cause discharge of liquid; and 
characterised by: 

a fluid element having a bubble pro- 
5 ducing area (7) disposed upstream of 

said discharge energy generating ele- 
ment (5) in said flow path for producing 
a bubble and a movable member (9) 
facing said bubble producing area (7) 
10 and having a fulcrum and a free end. 

17. A head according to claim 16, wherein said bubble 
producing area (7) of said fluid element is a heat 
generation area for generating heat to act on liquid 

15 to produce a bubble by film boiling. 

18. A head according to claim 16 or 17, wherein said 
movable member (9) is arranged such that dis- 
placement of said movable membersuppresses up- 

20 stream flow of liquid in response to driving of said 
discharge energy generating element (5). 

1 9. A head according to claim 1 6, 1 7 or 1 8, wherein said 
discharge energy generating element (5) is a heat 

25 generating element for producing a bubble using 
heat. 

20. A head according to claim 1 9, wherein said heat 
generating element (5) is arranged to produce a 

30 bubble by a film boiling phenomenon. 

21. A heat according to any one of claims 16 to 20, 
wherein said discharge energy generating element 
comprises a plurality of heat generating elements 

35 (5-1,5-2). 

22. A head according to any one of claims 16 to 21 , 
wherein said discharge energy generating element 
(5) is provided in afirstflow path (4) communicating 

40 with said discharge port (3), and said fluid element 
is provided in a second flow path (6) communicating 
with said first flow path (4). 

23. A head according to claim 22, comprising supplies 
45 of different liq uids for said first flow path (4) and said 

second flow path (6). 

24. A head according to claim 23, wherein the liquid 
supplied to said second flow path (6) satisfies at 

50 least one of the following three conditions: it is lower 
in viscosity; greater in bubbling property; or higher 
In thermal stability than the liquid supplied to said 
first flow path (4). 

55 25. A head according to claim 22, 23 or 24, wherein said 
second flow path (6) is of a chamber shape to which 
a supply path is connected. 
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26. A head according to any one of claims 16 to 25, 
wherein said movable member (9) is formed of a 
metal, 

27. A head according to any one of claims 16 to 26, 
wherein said discharge liquid is ink used for record- 
ing. 

28. A head according to claim 16, wherein said dis- 
charge energy generating element (5) comprises a 
plurality of heat energy generating elements 
(5-1 ,5-2) arranged in series along the liquid flow di- 
rection to the discharge port (3). 

29. A head according to claim 16, wherein said dis- 
charge energy generating element comprises a plu- 
rality of heat energy generating elements (5-1 ,5-2) 
arranged across the liquid flow direction to the dis- 
charge port. 

30. A cartridge having a head according to any one of 
claims 1 6 to 29, and a liquid container holding liquid 
to be supplied to said head. 

31 . A cartridge according to claim 30, wherein the liquid 
held in said liquid container is ink. 

32. An ink jet recording apparatus having a head ac- 
cording to any one of claims 1 6 to 29 or a cartridge 
according to claim 30 or 31, and means (305) for 
conveying a recording medium (213) for receiving 
liquid discharged from said head. 

33. An ink jet recording apparatus having a head ac- 
cording to any one of claims 1 6 to 29 or a cartridge 
according to claim 30 or 31 and head drive means 
(307), the head drive means being arranged; 

to cause said bubble producing area to produce 
a bubble to displace the free end of the movable 
member (9) to reduce liquid communication ar- 
ea between said discharge port side and a liq- 
uid supply side that is upstream of said dis- 
charge port (3) side; 

to cause said discharge energy generating el- 
ement (5) to generate a bubble to move liquid 
to said discharge port side while the bubble is 
generated at said second heat generating area 
(7); and 

to control the timing of the generation of the 
bubbles to cause said movable member (9) to 
move to increase the liquid communication ar- 
ea between said discharge port side and the liq- 
uid supply side upstream of said discharge port 
side while the bubble is present at said first heat 
generating area (5) after the bubble is generat- 
ed at said second heat generating area (7). 



PatentansprUche 

1 . Verfahren zum AusstoBen von Flussigkeit aus einer 
AusstoBoffnung (3) durch die Verwendung eines 

5 FlussigkeitsausstoBkopfs mit einem Stromungska- 

nal (4), der mit der AusstoBoffnung (3) in Verbin- 
dung ist, und einem AusstoBenergie-Erzeugungs- 
element (5), das in dem Strom ungskanal (4) ange- 
ordnet ist, um zu bewirken, daB Flussigkeitsaussto- 

10 Benergie auf die Flussigkeit einwirkt, wobei das 
Verfahren die Schritte aufweist: 

Ansteuern des AusstoBenergie-Erzeugungs- 
elements (5) zum AusstoBen von Flussigkeit 
15 aus der AusstoBoffnung (3), 

gekennzeichnet durch: 

Erzeugen einer Blase in einem Blasenerzeu- 
20 gungsbereich (7) eines Stromungselements, 

das in dem Strdmungskanal zustromseitig des 
AusstoBenergie-Erzeugungselements (5) an- 
geordnet ist, um ein freies Ende eines beweg- 
lichen Elements (9) zu verlagern, das in Gegen- 
25 uberlage des Blasenerzeugungsbereichs (7) 

ist und ein Gelenk aufweist. 

2. Verfahren gemaB Anspruch 1 , wobei die Warme- 
einwirkung auf die Flussigkeit in dem Blasenerzeu- 

30 gungsbereich (7) veranlaBt wird, um ein Filmsieden 
zum Erzeugen der Blase zu bewirken. 

3. Verfahren gemaB Anspruch 1 oder2, wobei die Ver- 
lagerung des beweglichen Elements (9) den zu- 

35 stromseitigen Flussigkeitsstrom als Reaktion auf 
die Ansteuerung des AusstoBenergie-Erzeugungs- 
elements (5) unterdruckt. 

4. Verfahren gemaB Anspruch 1 , 2 oder 3, wobei das 
40 AusstoBenergie-Erzeugungselement (5) ein War- 

meerzeugungselement zum Erzeugen einer Blase 
unter Verwendung von Warme ist. 

5. Verfahren gemaB Anspruch 4, wobei eine Vielzahl 
45 von Warmeerzeugungselementen (5-1, 5-2), wel- 

che das AusstoBenergie-Erzeugungselement aus- 
bilden, angeordnet ist und die Vielzahl der Warme- 
erzeugungselementeselektiv angesteuert wird, um 
dadurch die Flussigkeitsmenge zu steuern, die aus 
50 der AusstoBoffnung ausgestoBen wird. 

6. Verfahren gemaB Anspruch 5, wobei die Vielzahl 
von Warmeerzeugungselementen (5-1 , 5-2) gleich- 
zeitig angesteuert wird. 

55 

7. Verfahren gemaB Anspruch 5, wobei die Vielzahl 
von Warmeerzeugungselementen (5-1 , 5-2) zu un- 
terschiedlichen Zeiten angesteuert wird. 
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8. Verfahren gemaB einem der Anspruche 4 bis 7, wo- 
bei die Blase, die durch das Ansteuern des Warme- 
erzeugungselements erzeugt wird, eine Blase ist, 
die durch eine Filmsiedeerscheinung erzeugt wird. 

9. Verfahren gemaB einem der vorhergehenden An- 
spruche, wobei das AusstoBenergie-Erzeugungs- 
element (5) in einem ersten Stromungskanal (4) an- 
geordnet ist, der mit der AusstoBoffnung (3) in Ver- 
bindung ist, und das Stromungselement in einem 
zweiten Stromungskanal (6) angeordnet ist, der mit 
dem ersten Stromungskanal (4) in Verbindung ist. 

1 0. Verfahren gemaB Anspruch 9, wobei sich die Blase, 
die in dem Blasenerzeugungsbereich (7) des Stro- 
mungselements erzeugt ist, zu dem ersten Stro- 
mungskanal (4) erstreckt. 

1 1 . Verfahren gemaB Anspruch 9 oder 10, wobei unter- 
schiedliche Flussigkeiten dem ersten Stromungs- 
kanal (4) und dem zweiten Stromungskanal (6) zu- 
gefuhrt we rden. 

12. Verfahren gemaB Anspruch 11 , wobei die Flussig- 
keit, die dem zweiten Stromungskanal (6) zugefuhrt 
wird, mindestens eine derfolgenden drei Bedingun- 
gen erfullt: sie weist eine niedrigere Viskositat auf , 
sie hat ein groBeres Blasenerzeugungsvermogen 
oder sie weist eine hohere Warmestabilitat als die 
Flussigkeit auf, die dem ersten Stromungskanal (4) 
zugefuhrt wird. 

13. Verfahren gemaB einem der Anspruche 9 bis 12, 
wobei in einem stabilen Zustand des beweglichen 
Elements (9) eine Stellung gewahrleistet ist, die im 
wesentlichen parallel zu der Stromungsrichtung in 
dem ersten Stromungskanal (4) ist und das freie 
Ende des beweglichen Elements (9) in eine Rich- 
tung verlagert wird, um die Querschnittsfiache des 
ersten Stromungskanals (4) durch den Druck zu 
verkieinern, der durch eine Blase aufgebaut wird, 
die in dem Blasenerzeugungsbereich (7) erzeugt 
ist. 

14. Verfahren gemaB einem der vorhergehenden An- 
spruche, wobei der Blasenerzeugungsbereich (7) 
Warme verwendet,. um eine Blase zu erzeugen. 

15. Verfahren gemaB Anspruch 1, wobei der 
AusstoBenergie-Erzeugungsbereich und der Bla- 
senerzeugungsbereich jeweils einen ersten War- 
meerzeugungsbereich (5) zum Einbringen von 
Warmeenergie zum AusstoBen von Flussigkeit und 
einen zweiten Warmeerzeugungsbereich (7) aus- 
bilden und das freie Ende auf der Seite der Aus- 
stoBoffnung (3) des beweglichen Elements ist, wo- 
bei das Verfahren aufweist: 



- Verlagern des beweglichen Elements (9) durch 
Erzeugung einer Blase in dem zweiten Warme- 
erzeugungsbereich (7), um eine Flussigkeits- 
verbindung-Querschnittsflache zwischen der 

5 AusstoBoffnungsseite und einer Fiussigkeits- 

zufuhrseite zu verkieinern, die zustromseitig 
der Seite der AusstoBoffnung (3) ist, 
Bewegen von Flussigkeit zu der AusstoBoff- 
nungsseite durch Erzeugung einer Blase in 

to dem ersten . Warmeerzeugungsbereich (5), 

wahrend die Blase in dem zweiten Warmeer- 
zeugungsbereich (7) erzeugt wird, und 
Bewegen eines beweglichen Elements (31), 
um die Flussigkeitsverbindung-Querschnitts- 

15 flache zwischen der AusstoBoffnungsseite und 

der Flussigkeitszufuhrseite zustromseitig der 
AusstoBoffnungsseite zu vergroBern, wahrend 
die Blase in dem ersten Warmeerzeugungsbe- 
reich (5) vorliegt, nachdem die Blase in dem 

20 zweiten Warmeerzeugungsbereich (7) erzeugt 

ist. 

16. FlussigkeitsausstoBkopf, der aufweist: 

25 - einen Stromungskanal (4), der mit einer Aus- 
stoBoffnung (3) in Verbindung ist, 
ein AusstoBenergie-Erzeugungselement (5), 
das in dem Stromungskanal zum Erzeugen von 
Energie angeordnet ist, um den AusstoB von 

30 Flussigkeit zu bewirken, und 

gekennzeichnet ist durch: 

ein Stromungselement mit einem Blasenerzeu- 
35 gungsbereich (7), das zustromseitig des Aus- 

stoBenergie-Erzeugungselements (5) in dem 
Stromungskanal zum Erzeugen einer Blase an- 
geordnet ist, und einem beweglichen Element 
(9) in Gegenuberlage des Blasenerzeugungs- 
40 bereichs (7), das ein Gelenk und ein freies En- 

de aufweist. 

17. Kopf gemaB Anspruch 1 6, wobei der Blasenerzeu- 
gungsbereich (7) des Stromungselements ein War- 

45 meerzeugungsbereich zum Erzeugen von Warme 
ist, um auf Flussigkeit einzuwirken und eine Blase 
durch Filmsieden zu erzeugen. 

18. Kopf gemaB Anspruch 16 oder 17, wobei das be- 
50 wegliche Element (9) so angeordnet ist, daB die 

Verlagerung des beweglichen Elements die zu- 
stromseitige Flussigkeitsstromung als Reaktion auf 
das Ansteuern des AusstoBenergie-Erzeugungs- 
elements (5) unterdruckt. 

55 

19. Kopf gemaB Anspruch 16, 17 oder 18, wobei das 
AusstoBenergie-Erzeugungselement (5) ein War- 
meerzeugungselement zum Erzeugen einer Blase 
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unter Verwendung von Warme ist. 

20. Kopf gemaB Anspruch 1 9, wobei das Warmeerzeu- 
gungselement (5) eingerichtet ist, durch eine Film- 
siedeerscheinung eine Blase zu erzeugen. - 

21. Kopf gemaB einem der Anspruche 16 bis 20, wobei 
das AusstoBenergie-Erzeugungselement eine Vie!- 
zahl von Warmeerzeugungselementen (5-1, 5-2) 
aufweist 

22. Kopf gemaB einem der Anspruche 1 6 bis 21 , wobei 
das AusstoBenergie-Erzeugungseiement (5) in ei- 
nem ersten Stromungskanal (4) angeordnet ist, der 
mit der AusstoBoffnung (3) in Verbindung ist, und 
das Strom ungselement in einem zweiten Stro- 
mungskanal (6) angeordnet ist, der mit dem ersten 
Stromungskanal (4) in Verbindung ist, 

23. Kopf gemaB Anspruch 22, der die Zufuhrung ver- 
schiedener Flussigkeiten fur den ersten Stro- 
mungskanal (4) und den zweiten Stromungskanal 
(6) aufweist. 

24. Kopf gemaB Anspruch 23, wobei die Flussigkeit, die 
dem zweiten Stromungskanal (6) zugefuhrt wird, 
mindestens eine der folgenden drei Bedingungen 
erfullt: sie weist eine niedrigere Viskositat auf, sie 
hat ein groBeres Blasenerzeugungsvermogen, 
oder sie weist eine hohere Warmestabilitat als die 
Flussigkeit auf, die dem ersten Stromungskanal (4) 
zugefuhrt wird. 

25. Kopf gemaB Anspruch 22, 23 oder 24, wobei der 
zweite Stromungskanal (6) die Form einer Kammer 
aufweist, mit welcher ein Zufuhrkanal verbunden 
ist. . 

26. Kopf gemaB einem der Anspruche 1 6 bis 25, wobei 
das bewegliche Element (9) aus einem Metall er- 
zeugt ist. 

27. Kopf gemaB einem der Anspruche 1 6 bis 26, wobei 
die AusstoBflussigkeit Tinte ist, die zum Aufzeich- 
nen verwendet wird. 

28. Kopf gemaB Anspruch 1 6, wobei das AusstoBener- 
gie-Erzeugungselement (5) eine Vielzahl von War- 
meenergie-Erzeugungselementen (5-1, 5-2) auf- 
weist, die entlang der Flussigkeitsstromungsrich- 
tung zu der AusstoBoffnung (3) in Reihe angeordnet 
sind. 

29. Kopf gemaB Anspruch 1 6, wobei das AusstoBener- 
gie-Erzeugungse!ement eine Vieizahl von Warme- 
energie-Erzeugungselementen (5-1 , 5-2) aufweist, 
die quer zu der Flussigkeitsstromungsrichtung zu 
der AusstoBoffnung angeordnet sind. 



30. Kassette mit einem Kopf gemaB einem der Anspru- 
che 16 bis 29 und einem Flussigkeitsbehalter zum 
Vorhalten von Flussigkeit, die dem Kopf zugefuhrt 
wird. 

5 

31. Kassette gemaB Anspruch 30, wobei die Flussig- 
keit, die in dem Flussigkeitsbehalter vorgehalten 
wird, Tinte ist. 

10 32. Tintenstrahl-Aufzeichnungsvorrichtung mit einem 
Kopf gemaB einem der Anspruche 1 6 bis 29 oder 
einer Kassette gemaB Anspruch 30 oder 31 und ei- 
ner Vorrichtung (305) zum Transportieren eines 
Aufzeichnungsmediums (21 3) zum Aufnehmen von 

15 Flussigkeit, die aus dem Kopf ausgestoBen ist. 

33. Tintenstrahi-Aufzeichnungsvorrichtung mit einem 
Kopf gemaB einem der Anspruche 16 bis 29 oder 
einer Kassette gemaB Anspruch 30 oder 31 und ei- 
20 ner Kopfansteuervorrichtung (307), wobei die Kopf- 
ansteuervorrichtung eingerichtet ist: 

den Blasenerzeugungsbereich zu veranlas- 
sen, eine Blase zu erzeugen, um das freie Ende 

25 des beweglichen Elements (9) zu verlagern, 

um die Flussigkeitsverbindung-Querschnitts- 
flachezwischen der AusstoBoffnungsseite und 
einer Flussigkeitzufuhrseite zu verkleinern, die 
zustromseitig derSeite der AusstoBoffnung (3) 

30 ist, 

das AusstoBenergie-Erzeugungselement (5) 
zu veranlassen, eine Blase zu erzeugen, um 
Flussigkeit zu der AusstoBoffnungsseite zu be- 
wegen, wan rend die Blase in dem zweiten War- 

35 meerzeugungsbereich (7) erzeugt wird, und 

den Zeitpunkt der Erzeugung der Blasen zu 
steuern, um das bewegliche Element (9) zu 
veranlassen, sich zu bewegen, um die Flussig- 
keitsverbindung-Querschnittsflache zwischen 

40 der AusstoBoffnungsseite und der Flussigkeits- 

zufuhrseite zustromseitig der AusstoBoff- 
nungsseite zu vergroBern, wahrend die Blase 
in dem ersten Warmeerzeugungsbereich (5) 
vorliegt, nachdem die Blase in dem zweiten 

45 Warmeerzeugungsbereich (7) erzeugt ist. 



Revendications 

50 1. Procede pour decharger un liquide d l un orifice (3) 
de decharge en utilisant une tete de decharge de 
liquide ayant un trajet d^coulement (4) communi- 
quant avec ledit orifice de decharge (3) et un ele- 
ment (5) de generation d'energie de decharge situe 

55 dans ledit trajet d'ecoulement (4) pour faire agir une 
energie de decharge de liquide sur ledit liquide, le 
procede comprenant les etapes qui consistent : 
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a attaquer (edit element (5) de generation 
d'energie de decharge pour decharger un liqui- 
de dudit orifice de decharge (3) ; et 

caracterise par : 

la production d'une bulle dans une zone (7) de 
production de bulle d'un elementfluide dispose 
dans ledit trajet de fluide en amont dudit ele- 
ment (5) de generation d'energie de decharge 
pour deplacer une extremite libre d'un element 
mobile (9) f aisant face a la zone (7) de produc- 
tion de bulle et ayant un point d'appui. 

2. Procede seion la revendication 1 , dans lequel de la 
chaieur est amenee a agir sur le liquide dans ladite 
zone (7) de production de bulle pour provoquer une 
ebullition peliiculaire afin de produire ladite bulle. 

3. Procede selon la revendication 1 ou 2, dans lequel 
le deplacement de I'element mobile (9) supprime 
I'ecoulement du liquide vers I'amont en reponse a 
I'attaque dudit element (5) de generation d'energie 
de decharge. 

4. Procede selon la revendication 1 , 2 ou 3, dans le- 
quel ledit element (5) de generation d'energie de 
decharge est un element de generation de chaieur 
pour la production d'une bulle en utilisant de la cha- 
ieur. 

5. Procede selon la revendication 4, dans lequel une 
plurality d'elements (5-1 , 5-2) de generation de cha- 
ieur constituant ledit element de generation d'ener- 
gie de decharge sont prevus, et ladite pluralite d'ele- 
ments de generation de chaieur sont attaques se- 
lectivement pour commander ainsi la quantite de li- 
quide dechargee dudit orifice de decharge, 

6. Procede selon la revendication 5, dans lequel ladite 
pluralite d'elements (5-1 , 5-2) de generation de cha- 
ieur sont attaques simultanement. 

7. Procede selon la revendication 5, dans lequel ladite 
pluralite d'elements (5-1 , 5-2) de generation de cha- 
ieur sont attaques a des temps differents. 

8. Procede selon Tune quelconque des revendications 
4 a 7, dans lequel la bulle produite par I'attaque du- 
dit element de generation de chaieur est une bulle 
produite par un phenomene d'ebullition peliiculaire. 

9. Procede selon I'une quelconque des revendications 
precedentes, dans lequel ledit element (5) de ge- 
neration d'energie de decharge est place dans un 
premiertrajet d'ecoulement (4) communiquant avec 
ledit orifice de decharge (3), et ledit element fluide 
est place dans un second trajet d'ecoulement (6) 



communiquant avec ledit premier trajet d'ecoule- 
ment (4). 

10. 'Procede selon la revendication 9, dans lequel la 
5 bulle produite dans la zone (7) de production de bul- 
le dudit element fluide s'etend jusqu'audit premier 
trajet d'ecoulement (4). 

1 1 . Procede selon la revendication 9 ou 1 0, dans lequel 
10 differents liquides sont amenes audit premier trajet 

d'ecoulement (4) et audit second trajet d'ecoule- 
ment (6). 

12. Procede selon la revendication 11, dans lequel le 
15 liquide amene audit second trajet d'ecoulement (6) 

satisfait a au moins I'une des trois conditions 
suivantes : il est inferieuren viscosite ;superieuren 
propriete de formation de bulle ; ou superieur en 
stabilite thermique au liquide amene audit premier 
20 trajet d'ecoulement (4). 

13. Procede selon I'une quelconque des revendications 
9 a 12, dans lequel, dans un etat stabilise, ledit ele- 
ment mobile (9) conserve une orientation sensible- 

25 ment parallele a la direction d'ecoulement dans ledit 
premier trajet d'ecoulement (4), et ladite extremite 
libre dudit element mobile (9) est deplacee dans 
une direction diminuant I'aire de la section transver- 
sale dudit premiertrajet d'ecoulement (4) sous I'ef- 

30 fet de la pression engendree par une bulle produite 
dans ladite zone (7) de production de bulle. 

14. Procede selon I'une quelconque des revendications 
precedentes, dans lequel ladite zone (7) de produc- 
es tion de bulle utilise de la chaieur pour generer une 

bulle. 

1 5. Procede selon la revendication 1 , dans lequel ladite 
zone de generation d'energie de decharge et ladite 

40 zone de production de bulle forment, respective- 
ment, une premiere zone (5) de generation de cha- 
ieur destinee a appliquer de I'energie thermique 
pour decharger un liquide et une seconde zone (7) 
de generation de chaieur, et ladite extremite libre 

45 est du cote orifice de decharge (3) de I'element mo- 
bile, lequel procede comprend : 

le deplacement dudit element mobile (9) par la 
generation d'une bulle a ladite seconde zone 

so (7) de generation de chaieur afin de reduire une 

section de communication de liquide entre ledit 
cote a orifice de decharge et ledit cote d'alimen- 
tation en liquide qui est en amont dudit cote a 
orifice de decharge (3) ; 

55 un mouvement du liquide vers ledit cote a ori- 

fice de decharge par la generation d'une bulle 
a ladite premiere zone (5) de generation de 
chaieur, tandis que la bulle est generee dans 
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ladite seconde zone (7) de generation de 
chaleur ; et 

un mouvement dudit element mobile (31) afin 
d'augmenter la section de communication de li- 
quide entre ledit cote a orifice de decharge et 
le cote d'alimentation en iiquide en amont dudit 
cote a orifice de decharge, tandis que la bulle 
est presente a ladite premiere zone (5) de ge- 
neration de chaleur apres que la bulle a ete ge- 
neree dans ladite seconde zone (7) de genera- 
tion de chaleur. 

16. Tete a decharge de iiquide ayant : 

un trajet d'ecoulement (4) communiquant avec 
un orifice de decharge (3) ; 
un element (5) de generation d'energie de de- 
charge situe dans ledit trajet d'ecoulement pour 
generer de I'energie provoquant une decharge 
de Iiquide ; et 

caracterisee par : 

un element fluide ayant une zone (7) de pro- 
duction de bulle disposee en amont dudit ele- 
ment (5) de generation d'energie de decharge 
dans ledit trajet d'ecoulement pour produire 
une bulle, et un element mobile (9) faisant face 
a ladite zone (7) de production de bulle et ayant 
un point d'appui et une extremite libre. 

17. Teteselon la revendication 16, dans laquelle ladite 
zone (7) de production de bulle dudit element fluide 
est une zone de generation de chaleur destinee a 
generer de la chaleur devant agirsurun Iiquide pour 
produire une bulle par ebullition pelliculaire. 

18. Teteselon la revendication 16 ou 17, dans laquelle 
ledit element mobile (9) est agence de maniere 
qu'un deplacement dudit element mobile supprime 
un ecoulement de Iiquide vers I'amont en reponse 
a i'attaque dudit element (5) de generation d'ener- 
gie de decharge. 

19. Tete selon la revendication 16, 17 ou 18, dans la- 
quelle ledit Element (5) de generation d'energie de 
decharge est un element de generation de chaleur 
pour la production d'une bulle en utilisant de la cha- 
leur. 

20. Tete selon la revendication 19, dans laquelle ledit 
element (5) de generation de chaleur est agence de 
facon a produire une bulle par un phenomene 
d'ebullition pelliculaire. 

21 . Tete selon Tune quelconque des revendications 1 6 
a 20, dans laquelle ledit element de generation 
d'energie de decharge comporte une pluralite d'ele- 



ments (5-1 , 5-2) de generation de chaleur. 

22. Tete selon I'une quelconque des revendications 16 
a 21 , dans laquelle ledit element (5) de generation 

5 d'energie de decharge est situe dans un premier 

trajet d'ecoulement (4) communiquant avec ledit 
orifice de decharge (3), et ledit element fluide est 
situe dans un second trajet d'ecoulement (6) com- 
muniquant avec ledit premier trajet d'ecoulement 

10 (4). 

23. Tete selon la revendication 22, comportant des ali- 
mentations en liquides differents pour ledit premier 
trajet d'ecoulement (4) et ledit second trajet d'ecou- 

15 lement (6). 

24. Tete selon la revendication 23, dans laquelle ie Ii- 
quide alimentant ledit second trajet d'ecoulement 
(6) satisfait a au moins I'une des trois conditions 

20 suivantes : il est inferieur en viscosite ; superieur en 
propriete de formation de bulle ; ou superieur en 
stability thermique au Iiquide alimentant ledit pre- 
mier trajet d'ecoulement (4). 

25 25. Tete selon la revendication 22, 23 ou 24, dans la- 
quelle ledit second trajet d'ecoulement (6) est en 
forme de chambre a laquelle un trajet d'alimentation 
est raccorde. 

30 26. Tete selon I'une quelconque des revendications 1 6 
a 25, dans laquelle ledit element mobile (9) est for- 
me d'un metal. 

27. Tete selon I'une quelconque des revendications 16 
35 a 26, dans laquelle ledit Iiquide de decharge est une 

encre utilisee pour un enregistrement. 

28. Tete selon la revendication 16, dans laquelle ledit 
element (5) de generation d'energie de decharge 

40 comporte une pluralite d'elements (5-1 , 5-2) de ge- 
neration d'energie thermique agences en serie le 
long de la direction d'ecoulement de Iiquide vers 
I'orifice de decharge (3). 

45 29. Tete selon la revendication 16, dans laquelle {edit 
element de generation d'energie de decharge com- 
porte une pluralite d'elements (5-1 , 5-2) de genera- 
tion d'energie thermique agences en travers de la 
direction d'ecoulement de Iiquide vers I'orifice de 

50 decharge. 

30. Cartouche ayant une tete selon I'une quelconque 
des revendications 1 6 a 29, et un recipient a Iiquide 
contenant un Iiquide devant alimenter ladite tete. 

55 

31. Cartouche selon la revendication 30, dans laquelle 
le Iiquide contenu dans ledit recipient a Iiquide est 
une encre. 
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32. Appareil d'enregistrement a jet d'encre ayant une 
tete selon I'unequelconque des revindications 16 
a 29 ou une cartouche selon la revendication 30 ou 
31, et un moyen (305) pour transporter un support 
d'enregistrement (213) afin qu'il recoive un liquide 5 
decharge de ladite tete. 

33. Appareil d'enregistrement a jet d'encre ayant une 
tete selonTune quelconque des revendications 16 

a 29 ou une cartouche selon la revendication 30 ou 10 
31 et un moyen (307) d'attaque de tete, ledit moyen 
d'attaque de tete etant agence : 

de manierea amener ladite zone de production 
de bulle a produire une bulle pour deplacer Tex- 15 
tremite libre de I'element mobile (9) afin de re- 
duire la section de communication de liquide 
entre ledit cote a orifice de decharge et un cote 
d'alimentation en liquide qui est en amont dudit 
cote a orifice de decharge (3) ; 20 
de maniere a amener ledit element (5) de ge- 
neration d'energie de decharge a generer une 
bulle pour deplacer du liquide vers ledit cote a 
orifice de decharge, tandis que la bulle est ge- 
neree a ladite seconde zone (7) de generation 25 
de chaleur ; et 

de maniere a commander le temps de la gene- 
ration des bulles pour amener ledit element mo- 
bile (9) a se deplacer afin d'augmenter la sec- 
tion de communication de liquide entre ledit co- 3d 
te a orifice de decharge et le cote d'alimentation 
en liquide en amont dudit cote a orifice de de- 
charge, tandis que la bulle est presente a ladite 
premiere zone (5) de generation de chaleur 
ap res q ue la b u I le a ete generiee a. ladite secbn- 35 
de zone (7) de generation de chaleur. 
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FIG. 1 
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FIG. 5 A 2 
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FIG. 7 
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FIG. 13 
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FIG. 20 
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FIG. 22 A 
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